Developmental Pb2+ exposure alters NMDAR subtypes and reduces CREB phosphorylation in the rat brain.
In the present study we show that chronic exposure to low levels of lead (Pb(2+)) during development alters the type of N-methyl-D-aspartate receptor (NMDAR) expressed in the developing and young adult rat brain. Ifenprodil inhibition of [3H]MK-801 binding to the NMDAR channel in cortical and hippocampal neuronal membranes expressed high and low affinity components. Previous studies have shown that the high affinity component is associated with NR1/NR2B receptor complexes while the low affinity component is associated with the appearance and insertion of the NR2A subunit to NMDAR complexes. Pb(2+)-exposed rats express a greater number of [3H]MK-801 binding sites associated with the high affinity and low affinity components of ifenprodil inhibition. Further, [3H]ifenprodil saturation isotherms and Scatchard analysis in cortical and hippocampal membranes showed a higher number of binding sites (B(max)) with no change in binding affinity (K(d)) in Pb(2+)-exposed animals relative to controls. Quantitative [3H]MK-801 autoradiography in response to glutamate and glycine provided evidence that NMDAR complexes in Pb(2+)-exposed rat brain were maximally activated in situ. Higher levels of ifenprodil-sensitive binding sites and increased sensitivity to agonists are properties characteristic of NR1/NR2B recombinant receptors. Thus, our results strongly suggest that a greater proportion of the total number of NMDAR are NR1/NR2B receptors in the Pb(2+)-exposed rat brain. This Pb(2+)-induced change in NMDAR subtypes in the rat brain was associated with reduced CREB phosphorylation in cortical and hippocampal nuclear extracts. These findings demonstrate that chronic exposure to environmentally relevant levels of Pb(2+) altered the subunit composition of NMDAR complexes with subsequent effects on calcium-sensitive signaling pathways involved in CREB phosphorylation.